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Solvents are used in industry 

because of their effective 

performance.  Unfortunately, 

some of these solvents are 

particularly harmful to the 

environment.

Problem
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Solvent replacements may be 

found with similar performance, 

but less toxicity.  Use of these 

replacements reduce harm to 

the environment without 

sacrificing performance.

Solution
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PARIS III implements extensive 

searches for solvent mixtures 

with properties similar to solvent 

or mixtures they replace, but with 

less impact to the environment.

PARIS III - EPA Solvent 

Substitution Software Tool

U.S. Environmental Protection Agency
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PARIS III Solvent Database

1) Over 5000 industrial solvents

2) Each solvent record contains 
values and source references for

• 18 physical & chemical properties

• 8 environmental indicators
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P1

To find solvents with similar properties, 
consider one axis of a multi-dimensional 
property space.

How to Find Similar Solvent 
Mixtures?

xo,1

P2
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Now, consider a second axis of the property 
space. Note how the search is narrowed as 
more axes are considered.

How to Find Similar… (cont.)?

xo,1

xo,2

P2

P1
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Eight Physical Properties

• Molecular Mass 

• Liquid Density 

• Boiling Temperature

• Vapor Pressure

• Surface Tension

• Viscosity

• Thermal Conductivity

• Flash Point 
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Solvent Interactions with 
Ten Chemical Families
Chemical Family Solute

Alcohols: ethanol

Ethers: diethyl ether

Ketones: acetone

Polar Inorganics: water

Aromatics: benzene

N-containing Organics: n-propylamine

Unsaturated Organics: cis-2-heptene

Halogenated Organics: n-propyl chloride

Hydrocarbons: n-heptadecane

S-containing Organics: dimethyl disulfide



10/3/20169 U.S. Environmental Protection Agency

Eight Categories of Human  
and Environmental Impact

• Human Health
1) Toxicity: Ingestion

2) Toxicity: Inhalation

• Ecological
3) Aquatic Toxicity

4) Terrestrial Toxicity

• Regional Effects
5) Photochemical Oxidation

6) Acid Rain

• Global Effects
7) Ozone Depletion

8) Global Warming
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Replacement Example

After initial mixture of solvents is 

entered, similarly behaving 

mixtures are found that are less 

harmful to the environment.  
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Modify Boundaries of the 
Replacement Search

•Change tolerance range 
percentages and re-calculate 
boundaries.

•Or, explicitly change desired 
property values and/or boundaries.

•Re-rank possible replacements
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Single Chemical 
Replacements Found

•Analyze properties of each 
replacement found.

•Pick replacements with properties 
closest to the original solvent and 
have lowest environmental indexes.
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Replacement Mixtures

• What has been shown so far is single 

chemical replacement.  This is only part of 

the solvent substitute solution.

• By calculating the properties of thousands 

of combinations of these ranked solvents, 

we can get even closer to finding greener 

replacements for the initial harmful 

solvent mixture.
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Another Replacement Example

A replacement search can be 

performed using a different set of 

priorities.  For example, we can look 

for a replacement for TCE that has 

similar vapor degreasing properties, 

but a very low air index. 
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Single Solvent Replacements 
for Trichloroethylene (TCE)

1) propan-2-yl 2-methylpropanoate  
reduces harmful impact to the air 
by a factor of 15.67, and to the 
environment by a factor of 3.62.

2) 2,2-bis(chloranyl)butane  reduces 
harmful impact to the air by a 
factor of 4.65, and to the 
environment by a factor of 4.19.
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Solvent Mixture Replacements 
for TCE

1) 80% propan-2-yl 2-methylpropanoate

20% 1,3-bis(trifluromethyl)benzene

Reduces air impact by 8.17, and

environmental impact by 2.64.

2) 80% bis(methylsulfanyl)methane

20% 1-[bis(flouranyl)methoxy]-2…

Reduces air impact by 6.69, and

environmental impact by 2.34.
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The final step of all searches 

for greener solvent mixtures is 

to verify they serve as good 

replacements in the original 

industrial processes. 

Final Step
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PARIS III is a very strong 

and versatile tool to find 

greener solvent 

replacements for those 

currently used by industry.

Conclusions



10/3/201636 U.S. Environmental Protection Agency

Acknowledgements

• US EPA Office of Research and Development

• Chemical Safety for Sustainability Program

• National Risk Management Research Laboratory

• Sustainable Technology Division

• Dr. Todd Martin, Chemical Engineer

• Dr. Douglas Young, Chemical Engineer

• Dr. Heriberto Cabezas, Chemical Engineer



10/3/201637 U.S. Environmental Protection Agency

https://www.epa.gov/chemical-research/program-

assisting-replacement-industrial-solvents-paris-iii

Free Public Domain 
Software at EPA Website
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https://www.epa.gov/chemical-research/program-

assisting-replacement-industrial-solvents-paris-iii

EPA Solvent Substitution
Software Tool

- PARIS III -

Download Website:
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Distance Between Solvent 
Mixtures

How close mixtures are to an original solvent may be 
calculated by a normalized metric in 18 dimensional 
property space…

∑
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Normalized Potential Environmental 
Impact

The environmental impact       for chemical i in the PARIS III 
database is normalized by the average of all chemicals in that 
database with nonzero impact in category j.
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Notice that, regardless of the initial dimensions, this process 
describes each environmental impact relative to an average 
impact in category j.
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Environmental Index

The user assigns importance factors      for each category of 
impact to accurately reflect their environment. The 
Environmental Index        for solvent i may then be calculated 
as:
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where the summation is taken over the 8 categories of impact, 

and       is the normalized environmental impact score from the 

PARIS III database for chemical i and impact category j.
ji,ϕ
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Environmental Index (cont.)

The total Environmental Index      of a solvent mixture is 
determined by summing contributions from each of the n-
components of the solvent mixture:
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Where        is the weight fraction of the      solvent.
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i
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Air Index

The Air Index        for solvent i, can be calculate from the 
Environmental Index based on the amount of solvent released 
to the air:
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Where      is the activity coefficient for component i of the 

solvent mixture,      is the vapor pressure for component i,

and      is the pressure at which the solvent is being used.
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Air Index (cont.)

As before, the total Air Index         is arrived at by summing 

contributions from each of the n-components of the solvent 

mixture:
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• Impact factors range from 0 to 10.  They are 

initially set to 5, which implies all impact 

categories are equivalent.

• Importance factors should be set in a way 

appropriate to the user. 

• For any impact categories felt to be irrelevant, 

their importance factors can be set to 0.

Importance factors - αi
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